A new flavonoid, (2R,3R)-3,7,4 -trihydroxy-3 ,5 -dimethoxyflavanone, named sophorayunnanol (1), together with eight known polyphenols (2-9), were isolated from the roots of Sophora yunnanensis C. Y. MA (Leguminosae). The structure including absolute stereochemistry of 1 was determined by spectroscopic (high resolution (HR)-MS, 1D-and 2D-NMR, and circular dichroism (CD)) methods. The inhibitory activity of these compounds was examined against nitric oxide (NO) production by lipopolysaccharide (LPS) and interferon (IFN)-g g activated  macrophages, RAW264.7 cells. 3,7,3 ,5 -Tetrahydroxy-4 -methoxyflavone (6) and piceatannol (9) showed potent inhibitory activity against the production of NO with IC 50 values of 14.4؎ ؎2.5 and 12.9؎ ؎1.8 m mM, respectively. This article is the first report on phytochemical study of S. yunnanensis.
The genus Sophora belong to the Leguminosae family, and some species have long been traditionally used in asthma, bronchitis, bacterial, fungal infections, and skin disorders, and as an antipyretic, analgesics, anthelmintic, and remedy for stomach ailments. 1) Sophora yunnanensis C. Y. MA, "yun nan huai ( )," which is a shrub or small tree distributed in Yunnan, China. 2) There have been no reports on the phytochemical and bioactive constituents of this plant.
Low nitric oxide (NO) concentrations play an important physiological role as a defense molecule in the immune system, whereas large amount of NO in macrophages contribute to numerous pathological processes. 3) In inflammation processes, excessive cytokines or mediators such as tumor necrosis factor (TNF)-a, interleukin (IL)-1b, IL-6, and NO play a critical causative role in rheumatoid arthritis, asthma, and atherosclerosis. 4) Furthermore, inflammation is closely associated with chronic metabolic disorders, including obesity and cardiovascular disease. 5) Therefore, suppression of excessive NO production might be an important and attractive therapeutic target for the treatment of numerous pathological processes including chronic inflammation and diabetes.
In the course of our characterization studies of anti-allergic constituents, we studied the constituents of S. yunnanensis. From 80% aqueous methanol extract of the roots of S. yunnanensis, we isolated a new flavonoid, named sophorayunnanol (1), together with eight known polyphenols, such as dihydrorobinetin (2), 6, 7) sepinol (3), 8) robtin (4), [9] [10] [11] robinetin (5), [12] [13] [14] 3,7,3Ј,5Ј-tetrahydroxy-4Ј-methoxyflavone (6), 15) laurentinol (7), 16) gliricidol (8), 8) and piceatannol (9) (Fig. 1) . [17] [18] [19] The known compounds were identified by physical and spectroscopic methods, and also by comparing the data with that of published values. Here we describe the isolation and structure elucidation of 1, and the inhibitory effect of 1-9 against nitric oxide (NO) production by lipopolysaccharide (LPS) and interferon (IFN)-g activated macrophages, RAW264.7 cells.
Sophorayunnanol (1) ). The UV spectrum showed absorptions at 
, and twelve aromatic carbon signals belonging to the two benzene rings, indicating that the skeleton of 1 was 3-hydroxyflavanone. The 1 H-and 13 C-NMR signals of 1 were very similar to those of dihydrorobinetin (2) except for those due to methoxy groups. The heteronuclear multiple bond connectivity (HMBC) experiment ( Fig. 2 ) of 1, long-range correlations were observed between the following proton and carbon pairs (H-2 and C-4, 2Ј/6Ј; H-3 and C-1Ј; H-5 and C-4, 7, 8a; H-6 and C-4a; H-8 and C-8a; H-2Ј/6Ј and C-2, 4Ј, 3Ј/5Ј; 3Ј/5Ј-OCH 3 and C-5Ј/3Ј) The absolute configuration of 1 was determined on the basis of circular dichroism (CD) spectroscopic analysis. The CD spectra showed a positive Cotton effect near 330 nm and a negative Cotton effect near 280 to 290 nm. This observation was indicative of a 3-hydroxyflavanone of 2R,3R configuration. 20) Thus, 1 was elucidated to be (2R,3R)-3,7,4Ј-trihydroxy-3Ј,5Ј-dimethoxyflavanone.
We evaluated the inhibitory activity of 1-9 against NO production by LPS and IFN-g activated macrophages, RAW264.7 cells. 5-7, and 9 exhibited NO inhibitory effect in a dose-dependent manner. As shown in Table 2 , 6 and 9 exhibited potent inhibitory activity with IC 50 values of 14.4Ϯ2.5 mM, and 12.9Ϯ1.8 mM, respectively. It was reported that piceatannol (9) inhibited NO production in LPS-stimulated RAW264.7. 21) In addition, previous study indicated that the cancer preventative agent resveratrol is converted to anticancer agent piceatannol by cytochrome P450 enzyme CYP1B122 22) 5 and 7 exhibited moderate inhibition with IC 50 values of 42.3Ϯ6.0 mM, and 62.6Ϯ13.5 mM, respectively against NO production. 5 was one of the main constituent of this plant. 1-4, and 8 showed no significant effect in the bioassay system. None of the compounds showed cytotoxicity (Table 2 ). These results indicated that the presence of a C2-C3 double bond might be important, and that well-conjugated structures contributed to the NO inhibitory activity. Furthermore, the number and location of methoxy in ring B also influenced to the activity (6Ͼ5Ͼ7). Some of flavonoids have antioxidant and anti-inflammatory properties. 23) Recently, many reports about inhibitory effects of flavonoids on NO production in activated macrophages were published. Earlier studies reported about the structural requirements of flavonoids for the inhibition of NO production, and indicated the main feature was a C2-C3 double bond. 24) In summary, our results demonstrated the nine constituents isolated from S. yunnanensis for the first time, and showed anti-allergic effect of polyphenols from S. yunnanensis. The data in this study might be useful for the development of new natural resource, S. yunnanensis.
Experimental General Experimental Procedures
The following instruments were used to obtain physical data: specific rotations, JASCO P-1020 polarimeter; IR spectra, JASCO FT/IR-300 spectrometer; MS, JEOL GCmate mass spectrometer; and NMR spectra, JEOL JNM-ECX600 spectrometer with tetramethylsilane as an internal standard.
The following experimental materials were used for chromatography: normal-phase silica gel column chromatography, Wakogel C-300 (Wako Pure Chemical, Ltd., Japan); reversed-phase silica gel column chromatography, Chromatorex ODS-A (Fuji Silysia Chemical, Ltd., Japan), and Sephadex LH-20 (Pharmacia); thin layer chromatography (TLC), Silica gel 60F 254 (Merck, 0.25 mm) and Silica gel RP-18F 254S (Merck, 0.25 mm) coated plates. For detection, these plates sprayed with 3% vanillin-10% aqueous H 2 SO 4 followed by heating on a hot plate.
Plant Materials The root of S. yunnanensis were purchased from SICUAN XIANG ZHEN ENTERPRIZE Co., Ltd. in China in Octobar 2000. A specimen (Voucher No. 000036) was deposited at the Herbarium of the School of Pharmacy, Nihon University.
Extraction and Isolation The dried roots (850 g) of S. yunnanensis were extracted using 80% MeOH at room temperature to give a crude extract (62.4 g). The methanolic extract (60.0 g) was suspended in H 2 O, and then successively partitioned with Et 2 O, EtOAc and n-BuOH. The Et 2 O-soluble fraction (4.20 g) was subjected to silica gel column chromatography [nhexane-EtOAc (6 : 4→3 : 7)→EtOAc→MeOH] to give 4 fractions, [SUET-1 (1.56 g), SUET-2 (181 mg), SUET-3 (1.70 g), and SUET-4 (830 mg)]. SUET-2 was separated using Sephadex LH-20 with MeOH-H 2 O (8 : 2) to give 5 fractions [SUET-2-1 (14.7 mg), 2-2 (53.9 mg), 2-3 (7.5 mg), 2-4 (13.4 mg), and 2-5 (11.2 mg). SUET-2-5 was purified by reversed-phase HPLC (Capcell Pak; MeOH-H 2 O, 6 : 4; flow rate, 2 ml/min; UV detector, 210 nm) to give 9 (2.8 mg, t R 6.05 min). SUET-3 was subjected to reversed-phase silica gel column chromatography [MeOH-H 2 O (3 : 7→6 : 4)→MeOH] to give 4 fractions, SUET-3-1 (321 mg), 3-2 (325 mg), 3-3 (183 mg) and 3-4 (122 mg). 5 (219 mg) was crystallized from subfraction, SUET-3-2. SUET-3-3 was separated using Sephadex LH-20 with MeOH to give 2 fractions [SUET-3-3-1 (99.3 mg), 3-3-2 (50.8 mg)]. SUET-3-3-1 was purified by reversed-phase HPLC (Capcell Pak; MeOH-H 2 O, 5 : 5; flow rate, 2 ml/min; UV detector, 210 nm) to give 1 (11.1 mg, t R 9.45 min) and 8 (38.4 mg, t R 8.01 min). SUET-3-4 was subjected to silica gel column chromatography [CHCl 3 25, 26) RAW264.7 cells were seeded at 1.2ϫ10 6 cells/ml into a 96-well culture plate (200 ml each) (Sumitomo Bakelite, #8096R, Tokyo), and then pre-incubated for 2 h at 37°C. Next, the cells were incubated at 37°C for approximately 16 h with LPS (final concentration 100 ng/ml) and recombinant mouse IFN-g (final concentration 0.33 ng/ml) in the presence or absence of the test compounds at various concentrations (3, 10, 30, 100 mM). Aliquots of supernatants (100 ml) were incubated, in sequence, with 50 ml 1% sulphanilamide and 50 ml 0.1% N-1-naphthylethylenediaminedihydrochloride in 2.5% phosphoric acid solution. After 10 min, the reaction mixtures were quantified by their visible absorbance at 570 nm with a microplate reader (Bio-Rad, model 3550), and the background absorbance (630 nm) was subtracted. Inhibitory rate (%)ϭ(1Ϫ(A LPS/IFN/sample treated Ϫ A untreated )/(A LPS/IFN treated ϪA untreated ))ϫ100. The experiments were performed in triplicates. The IC 50 values, defined as the sample concentrations resulting in a 50% inhibition of NO production, were calculated from the concentrationresponse curves (nϭ3). Quercetin was used as a positive control.
Determination of Cell Viability The cell viability of the test samples was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The RAW264.7 cells (2.4ϫ10 5 cells/well) were seeded into a 96-well culture plate. After 16 h treatment with the test compounds in the presence of LPS/IFN-g, the MTT solution (final concentration 0.1 mg/ml) was added and then incubated for 4 h at 37°C. The culture medium was removed, and the cells were dissolved in 150 ml of dimethyl sulfoxide. The optical densities at 540 nm were measured using a microplate reader, and the background absorbance (630 nm) was subtracted. The cell viability (%)ϭA LPS/IFN/sample treated /A LPS/IFN treated ϫ100.
Sophorayunnanol ( ).
1 H -and 13 C-NMR spectral data are presented in Table 1 .
